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*3 


LINE SWITCHING SYSTEM AND LINE SWITCHING UNIT OF 


DYNAMIC BAND VARIATION UNIT 


BACKGROUND OF THE INVENTION 


1 . Field of the Invention 


[0001] 


The present invention relates to a communication system 


comprising data terminal devices where the data communication quantity is 
varied according to time, and more specifically, to a dynamic band variation unit 
and a switching method of a data communication quantity in a dynamic band 
variation unit used in the above communication system, allocating the data from 
the data terminal device to a plurality of lines for communication of the data 
according to the data communication quantity of the lines. 

2. Description of the Prior Art 

[0002] Heretofore, as a dynamic band variation communication method 
connecting a dynamic band variation unit coupling a data terminal device to 
another dynamic band variation unit connected to a data terminal unit through 
multiple lines, there is known a communication method wherein during 
communication of data from one data terminal device to an opposing data 
terminal device through one communication line, another communication line is 
connected, and the data to be transmitted is allocated to the multiple lines so that 
the transfer speed of the data is increased. In this case, a clock provided to the 


data terminal device is increased, and the data to be transmitted is temporarily 
stored in the dynamic band variation unit, so as to absorb the line delay 
generated between the plurality of lines. Then, the stored data is transmitted to 
the opposing data terminal device, thereby realizing dynamic band variation 
communication utilizing a plurality of lines. 

[0003] When the number of communication lines being used is decreased 
by disconnecting a line while communicating data through a plurality of lines in 
the prior art dynamic band variation communication method, either the data 
communicated through the disconnected line is cancelled, or the clock provided 
to the data terminal device from the dynamic band variation unit is reduced 
according to the band being reduced when disconnecting the line, and the data 
stored to the device is cancelled. 

[0004] However, according to the conventional method, there was a 
problem that the data to be transmitted from the data terminal device was not 
guaranteed. That is, some of the data transmitted from the data terminal device 
were lost when reducing the number of lines being connected, or data other than 
the data transmitted from the data terminal device were inserted in the data from 
the data terminal device when increasing the number of lines to be connected. 
[0005] Therefore, according to the conventional method, the data 
communicated between the data terminal devices may become defective, and 
only a unit having a retransmission means was able to guarantee such data. 


2 



SUMMARY OF THE INVENTION 
[0006] The object of the present invention is to solve such problems of the 
prior art. The present invention aims at providing a line switching system and a 
line switching unit in a communication method for transmitting data through a 
plurality of lines having various delay quantities which are selected according to 
the status of the lines, so as to prevent the data from being lost when the number 
of lines is increased during communication of the data. 
[0007] Even further, the present invention aims at providing a line 
switching unit and a line switching system of a dynamic band variation unit, 
wherein the data storage quantity and the data output timing for each line is 
calculated based on the line delay time of the plurality of lines, thereby 
preventing any data from being lost. 

[0008] In order to solve the problems, the present invention discloses a 
line switching system of a dynamic band variation unit having a function to 
connect a dynamic data terminal device to an opposing data terminal device 
through a plurality of trunk lines such as dedicated lines and ISDN (integrated 
service and digital network) lines, said line switching system adjusting the 
quantity of data stored in said dynamic band variation unit according to 
predetermined steps when the data communication quantity of said data terminal 
device is varied by the increase or decrease in the number of lines used as trunk 
lines, and when said quantity of data stored in said unit is in a predetermined 
relation with said data communication quantity of said trunk lines, varying the 
data quantity to be sent out to said trunk lines. 
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' ,0009, Moreover, the present invention discloses a ,ine switching system 
of a dynamic band venation unK as mentioned above, wherein said line switching 
system further adiusts said quantKy o. date stored to said dynamic band variation 
unit by varying the communication speed of the data transmitted from the 
dynamic data terminal device before varying the data quanta to be sentoutto 
said trunk lines, when varying said date communication quantity of the date 
terminal device. 

.0010] Even further, the present invention discloses a line switching 
system of a dynamic band variation unit as mentioned above, wherein said line 
switching system further measures the line delay time determined by the 
difference between the line delay time of the line communicating the data and the 
,i„e delay time of a line to be added, and sets the timing for transmitting data to 
different lines according to the line deiay time of each iine respectively, when 
increasing the number of lines. 

[00111 Moreover, the present invention discloses a line switching system 
o, a dynamic band variation unit as mentioned above, wherein said line swKching 
system further transmits date to said additional line a. the point of time where the 
quantity of stored date equals the product of the line delay time and the data 
communication speed of the lines exciuding the line having the largest line delay 
time, when increasing the number of lines. 

[0012) The present invention discloses a line switching system of a 
dynamic band variation unit as mentioned above, wherein said line switching 
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system decreases a line at the point of time where no more of data is stored, 
when decreasing the number of lines. 

[0013] The present invention further discloses a line switching unit 
comprising a means for controlling the switching of a plurality of lines, a means 
for measuring the line delay times of said plurality of lines, a means for storing 
data transmitted from a data terminal device to said unit, a means for allocating 
said data from said data terminal device to said plurality of lines, and a means for 
separately controlling a clock for receiving data from said data terminal device 
and a clock for transmitting data to said data terminal device, wherein said line 
delay times of said plurality of lines are measured and the data corresponding to 
said line delay times is stored in said unit, said data being transferred to an 
opposing data terminal device in line units with timing determined for each of said 
plurality of lines, so as to guarantee the data being communicated. 
[0014] Moreover, the present invention discloses a line switching unit as 

mentioned above, wherein said clock for transmitting the data to said data 
terminal device is controlled to correspond to the line speed when receiving data 
from said line, so as to guarantee said data being communicated to said data 
terminal device. 

[0015] According to the above mentioned invention, by allocating the data 
to a plurality of lines having various line delay times when communicating data 
from the data terminal device, the data transmitted from the data terminal device 
may be guaranteed while increasing or decreasing the data communication 
speed by connecting or disconnecting lines. 
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BRIEF DESCRIPTION OF DRAWINGS 
[0016] FIG. 1 is an explanatory view showing the composition of the 
dynamic band variation communication system to which the present invention is 
applied; 

[0017] FIG. 2 is a block diagram showing the composition of the dynamic 

band variation unit to which the line switching system according to the present 
invention is applied; 

[0018] FIG. 3 is a process flowchart explaining the control of the dynamic 
band variation unit transmitting the data; 

[0019] FIG. 4 is an explanatory view of the data transfer process of the 

dynamic band variation unit transmitting the data; 

[0020] FIG. 5 is an explanatory view showing the state of the data 

transferred between the dynamic band variation units; 

[0021] FIG. 6 is a process flowchart explaining the control of the dynamic 

band variation unit receiving the data; and 

[0022] FIG. 7 is an explanatory view of the example of a data transfer 

process by the dynamic band variation unit receiving the data. 

PREFERRED EMBODIMENT OF THE INVENTION 
[0023] The preferred embodiment of the present invention will now be 

explained in detail with reference to the accompanying drawings. 
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[0024] FIG. 1 is used to explain an example of the composition of the 
dynamic band variation communication system utilizing the dynamic band 
variation unit to which the present invention is applied. 

[0025] The dynamic band variation communication system is composed of 
a dynamic band variation unit 10A working as a line switching unit (switching 
system) for a data terminal device (DTE) 30A, and a dynamic band variation unit 
10B working as a line switching unit (switching system) for a data terminal device 
(DTE) SOB. Units 10A and 10B are connected by a plurality of trunk lines, such 
as a dedicated line 21 , and line switching circuits 22, 23, 24 and the like. 
[0026] In the present embodiment, the plurality of trunk lines are explained 
to be comprising a dedicated line 21 and line switching circuits 22 through 24, but 
the types or numbers of lines used as trunk lines are not limited to such in 
performing the present invention. 

[0027] The detailed composition of the dynamic band variation unit 10 will 
be explained with reference to FIG. 2. 

[0028] The dynamic band variation unit 1 0 comprises a DTE buffer 1 1 , a 
dedicated line buffer 12, a circuit line buffer 13, a delay quantity measuring 
means 14, a data allocation means 15, a switching circuit 16, a line control 
means 17, and a clock means 18. 

[0029] The DTE buffer 1 1 operates by a clock signal from the clock means 
18 and temporarily stores the transmitted data from the data terminal device 30A. 
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[0030] The dedicated line buffer 12 is a buffer for temporarily storing the 
data to be sent out to a dedicated line 21 , and has a size corresponding to the 
communication capacity of the dedicated line. 

[0031] The circuit line buffer 13 is a buffer for temporarily storing the data 
to be sent out to a switching circuit line 22, and has a size corresponding to the 
communication capacity of the switching circuit line. 

[0032] The delay quantity measuring means 14 is a means for measuring 
the difference between the line delay time of the dedicated line 21 and the line 
delay time of the switching circuit line 22. The cells sent out with the same timing 
to each of the lines are received by the dynamic band variation unit on the other 
end, and the time difference in receiving the two cells is detected so as to 
determine the line delay quantity. 

[0033] In the present specification, the difference in the line delay time of 
the above two lines is called the line delay quantity. 

[0034] The data allocation means 1 5 allocates the data read out from the 
DTE buffer 1 1 to the dedicated line buffer 12 and the circuit line buffer 13. 
[0035] The allocation of the data to the dedicated line buffer 12 and the 
circuit line buffer 13 is performed in proportion to the communication speed of 
each line. 

[0036] Further, the starting of the data allocation is determined based on 
the above-mentioned line delay quantity. When data corresponding to the line 
delay quantity is stored in the DTE buffer, the allocation is started. 
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[0037] The allocation of the data is performed as follows. The portion of 
the data stored in the DTE buffer 1 1 up to a time corresponding to the time of the 
line delay quantity is allocated to the line buffer having a larger line delay 
quantity. The portion of the data stored in the DTE buffer 1 1 subsequent to a 
period of time corresponding to the time of the line delay quantity of said data 
allocated to the line buffer having a large line delay quantity is allocated to the 
line buffer having a small line delay quantity. 

[0038] The switching circuit 1 6 works as an electronic switching system 
and connects the data applied to an input port to a predetermined line through 
trunks (TRK) 161, 162 and so on. 

[0039] The line control means 17 controls the connection of calls or 
connects the switching circuit. 

[0040] The clock means 1 8 generates clock signals such as a data 
transmission clock signal for DTE 10, a clock signal for the DTE buffer, a clock 
signal for the dedicated line buffer, and a clock signal for the circuit buffer. 
[0041] When data is transmitted through a plurality of lines, the DTE is 
operated by the clock signal with a speed corresponding to the sum of the 
communication speed of the plurality of lines, and the writing of the data to the 
DTE buffer 1 1 is also performed by a clock signal having the same speed. 
[0042] FIGS. 1 through 5 are used to explain the flow of data and the 
process flow when the data is received from the data terminal device 30A and 
transmitted in the trunk line direction when the line is connected. 
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[0043] FIG. 3 shows the data transmission control flow in the dynamic 
band variation unit 10A on the data transmission side. FIG. 4 shows the flow of 
data in the dynamic band variation unit 10A, and FIG 5 shows the flow of data 
between the dynamic band variation unit 10A on the transmitting side and the 
dynamic band variation unit 10B on the receiving side. 
[0044] In the present explanation, the dedicated line 21 has a 
communication speed of 128 Kbps, and the line switching circuit 22 (hereinafter 
called the circuit line 22) has a communication speed of 64 Kbps. An example is 
explained where the circuit line 22 is additionally used when communicating data 
through the dedicated line 21 at a communication speed of 128 Kbps, thereby 
transmitting data at a communication speed of 192 Kbps in total. 
[0045] For means of explanation, it is assumed that the dedicated line 21 
has a line delay time of one time unit (for example, 18 msec), and the circuit line 
22 has a line delay time of four time units. Thereby, the line delay quantity 
equals three time units, and the data that traveled through the circuit line 22 will 
be delayed for three time units compared to the data that traveled through the 
dedicated line 21. 

[0046] When the data is communicated through the dedicated line 21 
(FIG. 3, S1 1 ). the data is sent out from the DTE 30A from a time unit T1 to a time 
unit T6 at a communication speed of 128 Kbps. Per one time unit, 288 bytes of 
data is stored to the DTE buffer 1 1 . In FIGS. 4 and 5, 144 bytes of data is shown 
as one unit. 
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[0047] In time unit T1 , 288 bytes of data 1-1,1-2 are stored in the DTE 
buffer 1 1 , and the data is then transferred to the dedicated line buffer 12, and 
transmitted through the dedicated line 21. 

[0048] In time unit T2, the data 2-1 , 2-2 are stored in the DTE buffer 1 1 , 
and the data are then transferred to the dedicated line buffer 12 and transmitted 
through the dedicated line 21 . 

[0049] Similarly during time unit T3 through time unit T6, the data 3-1 
through 6-2 are transmitted to the dedicated line 21 by units of 288 bytes. 
[0050] When a condition to increase the data communication quantity from 
the data terminal device 30A, such as an increase of traffic and the like, is 
fulfilled at time unit T7 while data is communicated between the data terminal 
device 30A and the data terminal device 30B through the dedicated line 21 , a call 
is generated from the dynamic band variation unit 10A through the circuit line 22, 
so as to form a connection with the opposing dynamic band variation unit 10B 
(FIG. 3, S12). 

[0051] When the connection in the circuit line 22 is completed, the line 
delay quantity of the dedicated line 21 and the circuit line 22 is measured (FIG. 3, 
S13). 

[0052] The measurement of the line delay quantity is performed for 
example as follows. The delay quantity measuring means 14 outputs the same 
data at the same timing to the opposing dynamic band variation unit 10B through 
both the dedicated line 21 and the circuit line 22. Based on the line delay time of 
the data received by the dynamic band variation unit 10B through the dedicated 
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line 21 and the data received through the circuit line 22, the line delay quantity 
data, which is the difference between the two line delay times measured above, 
is determined. This line delay quantity data is notified to the dynamic band 
variation unit 10A on the transmission side. 

[0053] In the example shown in FIGS. 4 and 5, the time needed to 
measure the line delay quantity data and the time need to notify that data to the 
dynamic band variation unit 10A on the transmission side is assumed to be 0, so 
as to simplify the explanation. 

[0054] Simultaneously with the measurement of the line delay quantity 
data, the clock means 18 sets the data transfer clock speed, from the data 
terminal device 30A to the DTE buffer 1 1 A, to the sum speed (for example, 192 
Kbps) of the transfer clock speed of the dedicated line 21 (for example, 128 
Kbps) and the transfer clock speed of the circuit line 22 (for example, 64 Kbps) 
FIG. 3, S14). 

[0055] At time unit T7, the data 7-1 , 7-2, 7-3 having a total of 432 bytes 
transmitted from the data terminal device 30A at a communication speed of 192 
Kbps is stored in the DTE buffer 11. The data 7-1 , 7-2 of 288 bytes written at 
time unit T7 is transferred to the dedicated line buffer 12 and sent out to the 
dedicated line 21. 

[0056] The data 7-3 of 144 bytes will remain in the DTE buffer 1 1 (FIG. 3, 
S15). 

[0057] At time unit T8. the data 8-1 , 8-2, 8-3 transmitted from the data 
terminal device 30A is stored in the DTE buffer 11. The data 7-3 written at time 
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unit T7 and the data 8-1 written at time unit T8 are transferred to the dedicated 
line buffer 12 and sent out to the dedicated line 21. 
[0058] The data 8-2, 8-3 of 288 bytes remains in the DTE buffer 1 1 . 
[0059] Similarly, at time unit T9, the data 9-1 , 9-2, 9-3 from the data 
terminal device 30A are stored to the DTE buffer. The remaining 288-byte-data 
8-2, 8-3 written at time unit T8 are transferred to the dedicated line buffer 12 and 
outputted to the dedicated line 21 . 

[0060] The data 9-1 , 9-2, 9-3 of 432 bytes remains in the DTE buffer 1 1 
(FIG. 3, S15). 

[0061] As explained, 144 bytes of data per one time unit stored are in the 
DTE buffer 1 1 . 

[0062] The above-mentioned process is repeatedly performed, and at time 
unit T12, the 432 bytes of data 12-1, 12-2, 12-3 from the data terminal device 
30A are stored in the DTE buffer. The 288 bytes of data 10-2, 10-3 written at 
time unit T10 are transferred to the dedicated line buffer 12 and outputted to the 
dedicated line 21. 

[0063] A total of 864 bytes of data comprising the data 1 1-1 , 1 1-2, 1 1-3 
written at time unit T1 1 and the data 12-1, 12-2, 12-3 written at time unit T12 
remain in the DTE buffer 1 1 . 

[0064] At time unit T1 3, it is detected that data corresponding to the line 
delay quantity are stored in the DTE buffer 1 1 (FIG. 3, S16). The 432 bytes of 
data 13-1, 13-2, 13-3 from the data terminal device 30A are stored in the DTE 
buffer 1 1 , and the 288 bytes of data 11-1,11-2 written at time unit T1 1 are 
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transferred to the dedicated line buffer 12, and outputted to the dedicated line 21 . 
At the same time, the 144 bytes of data 13-3 written at time unit T13 are 
transferred to the circuit line buffer 13, and transmitted to the circuit line 22 (FIG. 
3, S17). 

[0065] The 144 bytes of data 11-3 written at time unit T1 1 , the 432 bytes 
of data 12-1 , 12-2, 12-3 written at time unit T12, and the 288 bytes of data 13-1 , 
13-2 written at time unit T13, which total to 864 bytes of data, remain in the DTE 
buffer 1 1 . 

[0066] At time unit T14, the data 14-1 , 14-2, 14-3 from the data terminal 
device 30A are stored in the DTE buffer 1 1 . The 144 bytes of data 11-3 written 
at time unit T1 1 and the 144 bytes of data 12-1 written at time unit T12, which 
total 288 bytes of data, are transferred to the dedicated line buffer 12 and 
outputted to the dedicated line 21 . The data 14-3 written at time unit T14 are 
transferred to the circuit line buffer 13 and outputted to the circuit line 22. 
[0067] The data 1 2-2, 1 2-3 written at time unit T1 2, the data 13-1,1 3-2 
written at time unit T13 and the data 14-1 , 14-2 written at time unit T14, which 
total to 864 bytes of data, remain in the DTE buffer 1 1 . 

[0068] At time unit T1 5, the data 15-1,1 5-2, 1 5-3 from the data terminal 
device 30A are stored in the DTE buffer 1 1 . The data 1 2-2, 1 2-3 written at time 
unit T12 are transferred to the dedicated line buffer 12 for output to the dedicated 
line 21 . At the same time, the data 1 5-3 written at time unit T1 5 are transferred 
to the circuit line buffer 13 and outputted to the circuit line 22. 
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[0069] The data 13-1,13-2 written at time unit T1 3, the data 14-1.14-2 
written at time unit T14, and the data 15-1.15-2 written at time unit T1 5. which 
total to 864 bytes of data, remain in the DTE buffer 1 1 . 

[0070] At time unit T1 6, the data 16-1,1 6-2, 1 6-3 from the data terminal 
device 30A are stored in the DTE buffer 11. The data 13-1, 13-2 written at time 
unit T13 are transferred to the dedicated line buffer 12 for output to the dedicated 
line 21 . At the same time, the data 1 6-3 written at time unit T16 are transferred 
to the circuit line buffer 13 and outputted to the circuit line 22. 
[0071] The data 14-1 , 14-2 written at time unit T14, the data 15-1 , 15-2 
written at time unit T15, and the data 16-1 and 16-2 written at time unit T16, 
which total 864 bytes of data, remain in the DTE buffer 1 1 . 
[0072] Similarly, the amount of data corresponding to the line delay 
quantity, in other words the amount of data that may be transferred through a 
communication path having a smaller line delay time than three time units, may 
be stored in the DTE buffer 1 1 , and the data inputted during the present time unit 
are outputted to the circuit line 22 having a delay quantity corresponding to three 
time units. At the same time, the data written three time units earlier are 
outputted to the dedicated line 21, and the data are communicated with a total 
speed of 192 Kbps. 

[0073] The amount of data stored in the DTE buffer 11, in other words the 
data quantity Db corresponding to the line delay quantity, may be shown by 
formula (1), in which the communication speed of the line having a small line 
delay time is shown as Sd. 
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[0074] Db = TdXSd ••• (1) 

[0075] Moreover, the time needed after adding a new communication path 
during communication before transferring the data to the additional transmission 
path, that is, time Ts needed to store the amount of data Db corresponding to the 
line delay time, may be shown by formula (2), wherein the communication speed 
of the line having a small line delay time is shown as Sd, and the total 
communication speed of the line is shown as St. 
[0076] Ts = Db/St-Sd - (2) 

[0077] Even further, when adding another line while communicating 
through a plurality of lines, the amount of data stored in the DTE buffer 1 1 or the 
amount of data Db corresponding to the line delay quantity may be shown by 
formula (3), wherein the line delay quantity shown by the difference between the 
line delay time of the line having the smallest line delay time and the line delay 
time of the line having the largest line delay time is shown as Td, and the total 
speed of communication by the plurality of lines other than the newly added line 
is shown as Ss. 

[0078] Db = Td X Ss - (3) 

[0079] With reference to FIGS. 5 through 7, the process flow for 
transferring the data received by the dynamic band variation unit 10B on the 
receiving side at the data terminal device 30B when an additional line is added 
during communication shown in FIGS. 4 and 5 is explained. 
[0080] In the present embodiment, the line delay time of the dedicated line 
21 is assumed to be one time unit. Therefore, the data transmitted to the 
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dedicated line 21 at time unit T1 will reach the receiving dynamic band variation 
unit 10B at time unit T2. However, in order to match the time unit of the 
transmitting unit and that of the receiving unit, the time unit at which the first data 
arrives at the receiver is explained as TV. 

[0081] At time unit T1 ', the 288 bytes of data 1-1,1-2 sent out at time unit 
T1 through the dedicated line 21 are received by the dedicated line buffer 12B. 
[0082] The data 1-1,1-2 will be transferred to the DTE buffer 1 1B, and 

further transferred to the data terminal device 30B at a communication speed of 
128 Kbps (FIG. 6, S21). 

[0083] Similarly, the data 2-1 through 7-2 sent out through the dedicated 

line 21 during time units T2 through T7 are received at time units T2' through T7' 
by the dedicated line buffer 12B in units of 288 bytes. 

[0084] The data 2-1 through 7-2 are transferred to the DTE buffer 1 1 B and 

further transferred to the data terminal device 30B at a communication speed of 
128 Kbps. 

[0085] At time unit T8\ the 1 44-byte-data 7-3 sent out at time unit T7 and 

the 144-byte-data 8-1 sent out at time unit T8 through the dedicated line 21 are 
received at the dedicated line buffer 12B. 

[0086] The data 7-3, 8-1 are transferred to the DTE buffer 1 1B and further 
transferred to the data terminal device 30B at a communication speed of 128 
Kbps. 

[0087] At time unit T9\ the 288 bytes of data 8-2, 8-3 sent out at time unit 
T8 through the dedicated line 21 are received at the dedicated line buffer 12B. 
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[0088] The data 8-2 and 8-3 are transferred to the DTE buffer 1 1B and 
further transferred to the data terminal device 30B at a communication speed of 
128 Kbps. 

[0089] Similarly, at time units T10'-T15\ the 288 bytes of data 9-1,9-2 
transmitted at time unit T9 to the 288 bytes of data 12-2, 12-3 transmitted at time 
unit T1 5 through the dedicated line 21 are received at the dedicated line buffer 
12B. 

[0090] The data 9-1 through 12-3 are transferred to the DTE buffer 1 1B in 
units of 288 bytes and further transferred to the data terminal device 30B at a 
communication speed of 128 Kbps. 

[0091] During this time, it is observed whether data are received from the 

circuit line 22 (FIG. 6, S22). 

[0092] When data from the circuit line 22 are received at time unit T1 6' 
(FIG. 6, S22), the clock generation means 18B sets a 192 Kbps data reception 
clock signal to the data terminal device 30B (FIG. 6, S23). The receiving 
dynamic band variation unit 10B receives the 288-byte-data 13-1, 13-2 sent out 
at time unit T16 through the dedicated line 21 by the dedicated line buffer 12B, 
and at the same time, receives the 144-byte-data 13-3 sent out at time unit T13 
through the circuit line 22 by the circuit line buffer 13B. 
[0093] The 288 bytes of data 13-1, 13-2 received by the dedicated line 
buffer 12B and the 144 bytes of data 13-3 received by the circuit line buffer 13B 
are transferred to the DTE buffer 1 1 B and further transferred to the data terminal 
device 30B at a communication speed of 192 Kbps (FIG. 6, S24). 
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[0094] After that, a data unit of 432 bytes in total arriving with the same 
timing through both the dedicated line 21 and the circuit line 22 are transferred to 
the DTE 30B through the DTE buffer 1 1B at a communication speed of 192 
Kbps. 

[0095] Thereafter, 432 bytes of data in total are received by the dedicated 
line buffer 12B and the circuit line buffer 13B and will be transferred to the DTE 
30B through the DTE buffer 1 1B at a communication speed of 192 Kbps. 
[0096] When communicating according to the above-mentioned steps, it 
may be possible to transfer the data transmitted from the data terminal device 
30A to the data terminal device 30B without any data loss. 
[0097] The steps for cutting the circuit line 22 and reducing the 
communication quantity of the data will now be explained. 

[0098] When a condition, such as reduction in traffic and the like, is fulfilled 
to reduce the data communication quantity from the data terminal device 30A, 
the dynamic band variation unit 10A sets the transmission clock (192 Kbps) of 
the data transmitted from the data terminal device 30A to the communication 
speed of the dedicated line, which is 128 Kbps. When transmission of the data 
through the dedicated line 21 and the circuit line 22 is continued under such 
condition, the amount of data stored in the DTE buffer 1 1 A will be reduced in 
proportion to time. When the stored data are gone, the transmission of the data 
to the circuit line 22 is stopped, so as to return to the state where communication 
is performed only by the dedicated line 21. 
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[0099] On the other hand, when the receiving dynamic band variation unit 
10B detects that no more data are transmitted through the circuit line 22 while 
receiving data from both the dedicated line 21 and the circuit line 22 as shown in 
FIG. 7, the transfer of data from the circuit line buffer 13B to the DTE buffer 13B 
is terminated, and the data reception clock signal to the data terminal device 30B 
is set to the communication speed of the dedicated line 21 (128 Kbps). 
[00100] This process enables recovery of the initial communication state 
where only the dedicated line 21 is used for the communication of data. 
[00101] As mentioned above, the present invention provides a data 
communication system using a dynamic band variation unit where the lines used 
for communication may be increased or decreased while guaranteeing the data 
transmitted between two data terminal devices, and the data from one data 
terminal device may be allocated to a plurality of lines for communication to the 
other data terminal device. 
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LINE SWITCHING SYSTEM AND LINE SWITCHING UNIT OF 
DYNAMIC BAND VARIATION UNIT 


BACKGROUND OF THE INVENTION 


1* Field of the Invention 
. The present invention relates to a communication system 
comprising data terminal devices where the data communication 
quantity is varied according to time, and more specifically, 
to a dynamic band variation unit and a switching method of a 
data communication quantity in a dynamic band variation unit 
used in the above communication systei^allocating the data f rom 
the data terminal device to a plurality of lines for 
communication of the data according to the data communication 
quantity of the lines. 

2 . Description of the Prior Art 

Heretofore, as a dynamic band variation communication 


terminal device to another dynamic band variation unit ^storing' 
a data terminal unit through multiple lines, there is known a 
communication method wherein during communication of data from 
one data terminal^ to an opposing data terminal ^through one 
communication line, another communication line is connected, 
and the data to be transmitted is allocated to the multiple lines 
so that the transfer speed of the data is increased. In this 
case, a clock provided to the data terminal device is increased, 


method connecting a dynamic band 
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and the data to be transmitted is temporarily stored in the 
dynamic band variation unit, so as to absorb the line delay 
generated between the plurality of lines . Then, the stored data 
is transmitted to the opposing data terminal device, thereby 
realizing ^dynamic band variation communication utilizing a 
plurality of lines. 

When the number of communication lines being used is 
decreased by disconnecting a line while communicating data 
through a plurality of lines in the prior art dynamic band 
variation communication method, either the data communicated 
through the disconnected line is cancelled, or the clock 
provided to the data terminal device from the dynamic band 
variation unit is reduced according to the band being reduced 
when disconnecting /a] line, and the data stored to the(unit)is 
cancelled . 

S; ^^UMMARY OF THE INVENTION^ : 
However, according to the conventional method, there was 
a problem that the data to be transmitted from the data terminal 
device was not guaranteed- That is, some of the data 
transmitted from the data terminal device were lost when 
reducing the number of lines being connected, or data other than 
the data transmitted from the data terminal device were inserted 
(toj tlie data from the data terminal device when increasing the 
number of lines to be connected. 

Therefore/ according to the conventional method, the data 


communicated between the data terminal devices may become 
defective, and only (the)unit having a retransmission means (Cere^ 
able to guarantee such data. ; 

The object of the present invention is to solve such 
problems of the prior art. The present invention aims at 
providing a line switching system and a line switching unit in 
a communication method for transmitting data through a 
plurality of lines having various delay quantities which are 
selected according to the status of the lines, so as to prevent 
the data from being lost when the number of lines is increased 
during communication of the data. 

Even further, the present invention aims at providing a 
line switching unit and a line switching system of a dynamic 
band variation unit, wherein the data storage quantity and the 
data output timing for each line is calculated based on the line 
delay time of the plurality of lines, thereby preventing any 
data from being lost. 

In order to solve the problems, the present invention 
discloses a line switching system of a dynamic band variation 
unit having a function to connect a dynamic data terminal device 
to an opposing data terminal device through a plurality of trunk 
lines such as dedicated lines and ISDN (integrated service and 
^digital network) lines, said line switching system ^Includingj 


adjusting the quantity of data stored (td) said dynamic band 
variation unit according to predetermined steps when the data 
communication quantity of said data terminal device is varied 


by the increase or decrease in the number of lines used as trunk 

lines, and when said quantity of data stored^td said unit is 

in a predetermined relation with said data communication 

quantity of said trunk lines, varying the data quantity to be 

sent out to said trunk lines. 

Moreover, the present invention discloses a line switching 

^Lo — ' 

system of a dynamic band variation uni^/mentioned above, wherein 
said line switching system further (Includes adjustingjsaid 
quantity of data stored to said dynamic band variation unit by 
varying the communication speed of the data transmitted from 
the dynamic data terminal device before varying the data 
quantity to be sent out to said trunk lines, when varying said 
data communication quantity of the data terminal device. 

Even further, the present invention discloses a line 
switching system of a dynamic band variation unit/mentioned 
above, wherein said line switching system further (includes 
measuring\ the line delay time determined by the difference 
between /a ]line delay time of the line communicating the data 
and (jajlihe delay time of a line to be added, and^settincj^ the 
timing for transmitting data to different lines according to 
the line delay time of each line respectively, when increasing 
the number of lines . 

Moreover, the present invention discloses a line switching 
system of a dynamic band variation unitpaentioned above, wherein 
said line switching system f urther^includes transmitting) data 
to said additional line at the point of time where the quantity 


of stored data equals the product of the line delay time and. 
the data communication speed of the lines excluding^^line 
having the largest line delay time, when increasing the number 
of lines. 

The present invention discloses a line switching system 
of a dynamic band variation unit/mentioned above, wherein said 
line switching systen/ further includes decreasing/a line at the 
point of time where no more ^uantity^of data is stored, when 
decreasing the number of lines. 

The present invention further discloses a line switching 
unit comprising a means for controlling the switching of^a 
plurality of lines, a. means for measuring (a ^Line delay ^ime^of 
said plurality of lines, a means for storing data transmitted 
from a data terminal device to said unit, a means for allocating 
said data from said data terminal device to said plurality of 
lines, and a means for separately controlling a clock for 
receiving data from said data terminal device and a clock for 
transmitting data to said data terminal device, wherein said 
line delay time of said plurality of lines (is/measured and the 
data corresponding to said line delay time is stored (to/ said 


unit, said data being transferred to an opposing data terminal 
-devj 

plurality of lines, so as to guarantee the data being 
communicated . 


.t, said data oeing transrerrea co an opposing aaza terminal 
rice in line unitsQsy a) timing determined for each of said 


Moreover, the present invention discloses a line switching 
fas 

unit^mentioned above, wherein said clock for transmitting the 


data to said data terminal device is controlled to correspond 
to the line speed when receiving data from said line, so as to 
guarantee said data being communicated to said data terminal 
device . 

According to the above mentioned invention, by allocating^ 
the data to a plurality of lines having various line delay (Cimey* / 
when communicating data from the data terminal device, the data 
transmitted from the data terminal device may be guaranteed 
while increasing or decreasing the data communication speed by 
connecting or disconnecting lines. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an explanatory view showing the composition of 
the dynamic band variation communication system to which the 
present invention is applied; 

FIG. 2 is a block diagram showing the composition of the 
dynamic band variation unit to which the line switching system 
according to the present invention is applied; 

FIG. 3 is a process flowchart explaining the control of 
the dynamic band variation unit transmitting the data; 

FIG. 4 is an explanatory view of the data transfer process 
of the dynamic band variation unit transmitting the data; 

FIG. 5 is an explanatory view showing the state of the data 
transferred between the dynamic band variation units; 

FIG. 6 is a process flowchart explaining the control of 
the dynamic band variation unit receiving the data; and 
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FIG. 7 is an explanatory view of the example of a data 
transfer process by the dynamic band variation unit receiving 
the data. 


■ PREFEFjJIED EMBODIMENT OF THE INVENTION 
The i fem^^ii^nt of the present invention will now be 
plained in detail with reference to the(accompanie«J'drawings . 
FIG. 1 is used to explain an example of the composition 


ex 


of the dynamic band variation . communication system utilizing 
the dynamic band variation unit to which the present invention 
is applied. 

The dynamic band variation communication (method/ lis 
composed of a dynamic band variation unit 10A working as a line 
switching unit (switching system) ^tor^ngj' a data terminal 
device (DTE) 30A, and a dynamic band variation unit 10B working 
as a line switching unit (switching system) /^storing) a data 
terminal device (DTE) ^30B, which) are connected by a plurality 
of trunk lines, such as a dedicated line 21, and line switching 
circuits 22, 23, 24 and the like. 

In the present embodiment, the plurality of trunk lines 
are explained to be comprising a dedicated line 21 and line 
switching circuits 22 through 24, but the types or numbers of 
lines used as the trunk lines are not limited to such in 
performing the present invention. 

The detailed composition of the dynamic band variation unit 
10 will be explained with reference to FIG. 2. 


The dynamic band variation unit 10 comprises a DTE buffer 
11, a dedicated line buffer 12, a circuit line buffer 13, a delay 
quantity measuring means 14, a data allocation means 15, a 
switching circuit 16, a line control means 17, and a clock means 

The DTE buffer 11 operates by a clock^from the clock means 
l^and temporarily stores the transmitted data from the data 
terminal device ^10 ^ 

The dedicated line buffer 12 is a buffer for temporarily 
storing the data to be sent out to a dedicated line 21, and has 
a size corresponding to the communication capacity of the 

dedicated line. 

The circuit line buffer 13 is a buffer for temporarily 
storing the data to be sent out to a switching circuit line 22, 
and has a size corresponding to the communication capacity of 
the switching circuit line. 

The delay quantity measuring means 14 is a means for 
measuring the difference between the line delay time of the 
--dedicated line 21 and the line delay time of th£ switching 
circuitj22. The cells sent out(by) the same timing to each of 
the lines(is^rec^ived by the dynamic band variation unit on the 
other end, 'and the time difference in receiving the two cells 
is detected so as to determine the line delay quantity. 

In the present specification, the difference in the line 
delay time of the above two lines is called the line delay 
quantity. 
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The data allocation means 15 allocates the data read out 
from the DTE buffer 11 to the dedicated line buffer 12 and the 

circuit line buffer 13. 

; The allocation of the data to the dedicated line buffer 
12 and the circuit line buffer 13 is performed in proportion 
to the communication speed of each line. 

Further, the starting of the data allocation is determined 
based on the above-mentioned line delay quantity . When^data 
corresponding to the line delay quantity is stored^ the DTE 
buffer, the allocation is started. 

The allocation of the data is performed as follows. The 
portion of the data stored in the DTE buffer ll^which had been 
stored thereto priorly at)ftime corresponding to the time of 
the line delay quantity^ is allocated to the line buffer having 
a larger line delay quantity. The portion of the data stored 
in the DTE buffer ll£ which had been stored thereto subsequently 
af^^rtoTo^time corresponding to the time of the line 
delay quantity(tq} s V aid data allocated to the line buffer having 
a large line delay quantity) is allocated to the line buffer 
having a small line delay quantity. 

The switching circuit 16 works as anelectronic switching 
system^ and connects the data l^tSMy^ an input port to a 
predetermined line through trunks (TRK) 161, 162 and so on. 

The line control means 17 controls the connection of calls 
or connects the switching circuit. ^jZ-rv^ 

The clock means 18 generates (clocks^ such as a data 


, ^HStf in a clock^foSTthe' DTE buffer, a 
transmission cloc*^* DTE 10, a clocKj^ / 

cloclc^Khe dedicated line buffet, £4 a clock/foT the circuit 
buffer. 

When ^a/data is -ansmitte^d^^h^plurality of lines, 
the DTE is operated by the clock <jUvini)a speed corresponding 
to the sum of the communication speed of the plurality of lines, 
and the writing of the data to the DTE buffer 11 is also performed 
by a clock ^having the same speed. 

FIGS. 1 through 5 are used to explain the flow of data and 
the process flow when the data is received from the data terminal 
device 30A and transmitted^^ trunk line direction when the 

line is connected. 

FIG. 3 shows the data transmission control . flow in the 
dynamic band variation unit 10A on the data transmission side. 
FIG. 4 shows the flow of data in the dynamic band variation unit 
10A, and FIG. 5 shows the flow of data between the dynamic band 
variation unit 10A on the transmitting side and the dynamic band 
variation unit 10B on the receiving side. 

in the present explanation, the dedicated line 21 has a 
communication speed of 128 Kbps, and the line switching circuit 
22 (hereinafter called the circuit line 22) has a communication 
speed of 64 Kbps. An example is explained where the circuit 
line 22 is additionally used when communicating data through 
the dedicated line 21 (byf a ^ communication speed of 128 Kbps, 
thereby transmitting data (by) a Communication speed of 192 Kbps 
' in total. 
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For means of explanation, it is assumed thatj^dedicated 
line 21 has a line delay time of one Vanit^ 'time .(for example, 
18 msec) and the circuit line 22 has a line delay time of four 
(unlftime^ereby, the line delay quantity equals thre^unit) / 
timeTa^d the data that traveled through^ the circuit line 22 
will be delayed for three ^ni^ timo/c^red to the data that 
traveled through the dedicated line 21. 

When the data is communicated through the dedicated line 
21 (FIG. 3, Sll) , the data is se^t put. from the DTE 30A. from 
a ^nit^time/^to a £nit) time /^byfl Communication speed of 
128 Kbps- Per one \>nit)?time/?88 bytes of data is stored to 
the DTE buffer 11. In FIGS. 4 and 5, 144 bytes of data is shown 

as one unit. - ; (jls^ 

In T .it) time/^f 288 bytes of data 1-1, 1-2 (sj stored (toy 
the DTE buffer 11, and the data is then transferred to the 
dedicated line buffer 12, and transmitted through the dedicated. 

line 21. ^ > 

in unit time T2 , the data ; 2.-1, 2-2 is stored £</ , the DTE 
buffer 11, and the data ijj^en transferred to the dedicated 
line buffer 12Q and transmitted through the dedicated line: 21. 

Similarly during \mit| time^Tf hrough v(ni€\ time/^eT the 
data 3-1 through 6-2 ^f^ransmitted to the dedicated line 21 

by units of 288 bytes. 

When a condition to increase the data communication 
quantity from the data terminal device 30A, such as^increa'se 
of traffic and the like, is fulfilled at^uni^ ^ime/rT^hile data 


is conununicated between the data terminal device 30A and the 
data terminal device 30B through the dedicated line 21, a call 
is generated from the dynamic band variation unit 10A through 
the circuit line 22, so as to form a connection with the opposing 
dynamic band variation unit 10B (FIG. 3, S12) . 

When the connection in the circuit line 22 is completed, 
the line delay quantity of the dedicated line 21 and the circuit 
line 22 is measured (FIG. 3, S13) . 

The measurement of the line delay quantity is performed 
for example as follows. The delay quantity measuring means 14 
outputs the same data at the same timing to the opposing dynamic 
band variation unit 10B through both the dedicated line 21 and 
the circuit line 22. Based on the line delay time of the data 
received by the dynamic band variation unit 10B through the 
dedicated line 21 and the data received through the circuit line 
22, the line delay quantity data, which is the difference 
between the two line delay times measured above, is determined. 
This line delay quantity data is notified to the dynamic band 
variation unit 10A on the transmission side. 

In the example shown in FIGS. 4 and 5, the time needed to 
measure : the Line delay quantity data and the time heeded to 
notify, (the/ data to the dynamic band variation unit 10A on the 
transmission side is assumed to be 0, so as to simplify the 
explanation. 

Simultaneously (as( 'the measurement of the line delay 
quantity data,, the clock means 18 sets the data transfer clock 
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speed, from the data terminal device 30A to the DTE buffer 11A, 
to the sum speed (for example, 192 Kbps) of the transfer clock 
speed of the dedicated line 21 (for example, 128 Kbps) and the 
transfer clock speed of the circuit line 22 (for example, 64 

Kbps) (FIG. 3, S14)£ / 

At<^nit\time^7; the data 7-1, 7-2, 7-3 having a total^of ? 
4 32 bytes transmitted from the data terminal device 30A\by) a ; 
communication speed of 192 Kbps is stored ^he DTE buf ferJLl. , 
The data 7-1, 7-2 of 288 bytes written at (unit) time |T7 is 
transferred to the dedicated line buffer 12 and sent out to the 

dedicated line 21. 

The data 7-3 of 144 bytes will remain in the DTE buffer 

11 (FIG. 3, S15) . 

At^unit} time Hfii, the data 8-1, 8-2, 8-3 .transmitted from 
the data terminal device 30A is stored (to|\ the DTE buffer 11. 
The data 7-3 written at Qanit\time ^ and the data 8-1 written 
at i^it>ime|T8 ^^TSansf erred to the dedicated line buffer 12 
and sent out to the dedicated line 21. 

The data 8-2, 8-3 of 288 bytes remains in the DTE buffer 

Similarly, at (miV time ^ the data 9-1, 9-2, 9-3 from 
the data terminal device 30A(l^iiored to the DTE buffer The ; 
remaining 288-byte-data 8-2, 8-3 written at (W^ timet T8 (Is/ ' 
transferred to the dedicated line buffer 12 and outputted to 
the dedicated line 21. 

The data 9-1, 9-2, 9-3 of 432 bytes remains in the DTE buffer 
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11 (FIG. 3, S15) . ju^^K / 

As explained, 144 bytes of data per one^i^ time (is) stored 

(jjo^Che DTE buffer 11. 

The above-mentioned process is repeatedly performed, and 
at unit time T12, the 432 bytes of data 12-1, 12-2, 12-3 from 
the data terminal device 30A^is! stored ^cj the DTE buffer. The 
288 bytes of data 10-2, 10-3 written at unit time T10 is 
transferred to the dedicated line buffer 12 and outputted to 
the dedicated line 21. 

A total of 864 bytes of data .comprising the data 11-1, 11-2, 
11-3 written at iunilp time^Tll and the^ data 12-1, 12-2, 12-3 
written at ^ ni ^ time/ri 2 ^remains) in the DTE buffer 11. 

At (tinit^ time/¥l3^ it is detected that data corresponding 
to the line delay quantity (Isfstored in the DTE buffer 11 (FIG. 
3, S16) . The 432 bytes of data 13-1, 13-2, 13-3 from the data 
terminal device 30A\^a^stored^ofthe DTE buffer 11, and the 288 
bytes of data 11-1, 11-2 written at ^n^time/r'Trf sftransf erred 
to the dedicated line buffer 12, and outputted to the dedicated 
line 21. At the .same time, the 144 bytes of data 13-3 written 
at i^niij time/ri3i ^^transferred to the circuit line buffer 13, 
and transmitted to the circuit line 22 (FIG. 3, S17).. 

The 14 4 bytes of data 11-3 written at(uni|t t^me/^TlT the 
432 bytes of data 12-1, 12-2, 12-3 written at (G(ni|^ time 
and the 288 twt-jes of data 13-1, 13-2 written at (uni^ time/f"5*3, 
which ^otal^ to 864 bytes of data, (remains^ in the DTE buffer 
11. 
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AtVnif tim^T^, the data 14-1, 14-2, 14-3 from the data 
terminal device 30A fis\£ored (tof the DTEbuffet 11. The 144 
bytes of data 11-3 written at (uni^ime^^nd^ 144 bytes 
of data 12-1 written at|uni^ time^, which |otllf t<^288 bytes 
of data, (itf^ransferred to the dedicated line buffer 12 and 
outputted to, the dedicated line 21. The data 14-3 written at 
(unitj time^ri4|4^nsferred to the circuit line buffer 13 and 

outputted to the circuit line 22. j/s+*jP 

The data 12-2, 12-3 written at (^nit) time T12, the data 13-1, 
13-2 written at( uni^ time^Lsiryl the data 14-1, 14-2 written 
at^unit(time^l4, which (totals, to/ 8 64 bytes of data, (remains \ - 

in the DTE buffer 11. 

At fjnitj time/ft^ the data 15-1, 15-2, 15-3 from the data 
terminal device 30A (Ct|stored <U>) theDTE buffer 11. The data 
12-2, 12-3 written at (uni^ ^time/^TlS dsf transferred to the 
dedicated line buffer 12 for output to the dedicated line 21. 
At the same time, the data 15-3 written at (unit} timej T15 tLs/ 
transferred to the circuit line buffer 13 and outputted to the 

circuit line 22. ^JS- 

The data 13-1, 13-2 written a^unitjtime T13, the data 14-1, 
14-2 written at tirif^T14 .and the data 15-1, 15-2 writ^en^ 

at\unil\ tim^T^S, which ^ttl^Vo 864 bytes of data,^remain^ 
in the DTE buffer 11 


Atfunifc tim/*rl6, the data 16-1, 16-2, 16-3 from the data 

terminal device 30A \s )st ored(t cj the DTE buffer 11. The data 

x ■ -.is* \ , 

13-1, 13-2 written at \uni^ tlme/T13 (is| transferred to the 
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dedicated line buffer 12 for output to the dedicated 1^21. 

At the same time, the data 16-3 written at ^nit) time T16 <is/^ 

transferred to the circuit line buffer 13 and outputted to the 

circuit line 22. 

The data 14-1, 14-2 written at^nitj time^T? , the data 15-1, 
15-2 written a^nitj time^C^d the data 16-1 and 16-2 wr ^^ 
at/uni^ time^S, which |^l3 > tol ; 864 bytes of data,(^rem^s^ 


in the DTE buffer 11. 


Similarly, the amount of data corresponding to the line 
delay quantity, in other words^tne amount of data that may be 
transferred through a communication path having a smaller line 
delay time (in| three unit time, may be stored Cto)th'e DTE buffer 
11, and the data inputted during the present junit) time'^sj 
outputted to the circuit line 22having a delay ^ uantit ^ 
corresponding to three>i^ tim^At the same time, the data 
written three %ni^ time^aTlier (id outputte^to the dedicated 
line 21, and the data LsTc^mmunicateo{iy( a total speed of 192 

Kbps . ^ ^ 

The amount of data stored Ipfthe DTE buffer 11, in other 
.words^ the data quantity Db corresponding to the line delay 
.quantity may be shown by formula (1) , in which the communication 

speed of the line having a small line delay time is shown as 

Sd. 

Db = Td X Sd ••• (1) 

Moreover, the time needed after adding a new communication 
path during communication before transferring the data to the 
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additional transmission path, that is, time Ts needed to store 
the amount of data Db corresponding to the line delay time, may 
be shown by formula (2) , wherein the communication speed of the 

line having a small line delay time is shown as Sd, and the total 

communication speed of the line is shown as St. 

Ts = Db/St-Sd ••• (2) 
. Even further, when adding another line while communicating 
through a plurality of lines, the amount of data stored in the 
DTE buffer 11 or^ount of data Db corresponding to the line 
delay quantity may be shown by formula (3) , wherein the line 
delay quantity shown by the difference between the line delay 
time of the line having the smallest line delay time and the 
line delay time of the line having the largest line delay time 
is shown as Td, and the total speed of communication by the 
plurality of lines other than the newly added line is shown as 
Ss. 

Db = Td X Ss ••• (3) 

. With reference to FIGS. 5 through 7, the process flow for 
transferring the data received by^the dynamic band variation 
unit 10B on the receiving side .jtojf the kt a terminal device 30B 
when an additional line is added during communication shown in 
FIGS. 4 and 5 is explained. 

in the present embodiment, the line delay time_ of the 
dedicated line 21 is assumed to be one ^ni^time/^eref or^j 
the data transmitted to the dedicated line 21 at^ni^tirae/^1 
will reach the receiving dynamic band variation unit 10B atjunitj 
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the 


time T2. However, in order to match the \uni) t ime/oT^t 
transmitting unit and that of the receiving unit, the £l*ti«>X 
at which the first data arrives (to) the receiver is explained 

^ T ftt funit\time^r , the 288 bytes of data l-l,££_,. p t out 
at £nit|time/ff through the dedicated line 2! ^ received by 
the dedicated line buffer 12B. 

The data 1-1, 1-2 will be transferred to the DTE buffer 
UB, and further transferred to the data terminal device SOB 
fbyfa communication speed of 128 Kbps (FIG. 6, S21). 
" Similarly, the data 2-1 through 7^2 sent out through the 
icated lineal during £nil) tim^2 through T7 U deceived 
t (m£\ time/F^ 'through T7'by the dedicated line buffer 12B 

in units of 2 88. bytes. 

The data 2-1 through 7-2 (Ts(£ansf erred to the DTE buffer 
HEM and further transferred to the data terminal device 30B 
(by| a >, communication speed of 128 Kbps. 

At unit time T8' , the 144-byte-data 7-3 sent outsat %ni* 
time^d the 144-byte-data 8-1 sent out at kfni\ time/ffthroucfh 
the dedicated line 21^eceived at the dedicated line buffer 
12B 


dedi 


The data 7-3, 8-i (llftransf erred to the DTE buffer llj^ 
and further transferred to the data terminal device 30B(t>y),a 
communication speed of 128 Kbps. 

At unit time T9' , the 288 bytes of data 8-2, 8-3 sent out 
at unit time T8 through the dedicated line 21 is received at. 
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the dedicated line buffer 12B.^ 

The data 8-2 and 8-3 Uffransf erred to the DTE buffer 11E^ 
and further transferred to the data terminal device 30B (byj a 
communication speed of 128 Kbps.^ 

Similarly, atQinit) time/rTu^lSJ , the 288 bytes of data 
9-1, 9-2 transmitted at £ni^ time#r9 tothe 288 bytes of data 
12-2, 12-3 transmitted at\uni^ time/T15 through the dedicated 


line 21 ^Teceived at the dedicated line buffer 12B. 

The)data 9-1 through 12-3 {ts^ansf erred to the DTE buffer 
HB(b^units of 288 byte^and further transferred to the data 
terminal device 30B by) a communication speed of 128 Kbps. 

During this time, it is observed whether data (.^'received 
from the circuit line 22 (FIG. 6, S22) . 

When data from the circuit line 22 received at unit time 
T16' (FIG. 6, S22), the clock generation means 18B sets a 192 
Kbps data reception clock/£?hedata terminal device 3 OB (FIG. 
6, S23) . The receiving dynamic band variation unit 10B receives 
the 288-byte-data 13-1, 13-2 sent out at unit time T16 through 
the dedicated line 21 by the dedicated line buffer 12B, and at 
the same time, receives the 144-byte-data 13-3 sent out at unit 
time T13 through the circuit line 22 by the circuit line buffer 
13B. 

The 288 bytes of data 13-1, 13-2 received by the dedicated 
line buffer 12B and the 144 bytes of data 13-3 received by the 
circuit line buffer 13B£i^transf erred to the DTE buffer 11B 
espectively^ and further transferred to the data terminal 
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device 30B ^ a communication speed of 192 Kbps (FIG. 6, s24 > * 

aySf^32 bytes in total arriving (a^fthe 


After that, a data; 


same timing through both the dedicated line 21 and the circuit 
line 22 £^t~ransf erred to the DTE 30B through the DTE buffer 


llB/BWa communication speed of 192 Kbps. 

Thereafter, 432 bytes of data in total /is*)received by the 
dedicated line buffer 12B and thecircuit line buffer 13B£ which) 
will ;be transferred to the (DTE30B) through the DTE buffer 11B 
rby^a communication speed of 192 Kbps. 

When communicating according to the above-mentioned steps, 
it may be possible to transfer the data transmitted from the 
data terminal device 30A to the data terminal device 30B 
without any data loss. 

The steps for cutting the circuit line 22 and reducing the 


commun 


ication quantity of the data will now be explained, 


When^condition, such as reduction in traffic and the like^ 
is fulfilled to reduce the data communication quantity from the 
data terminal device 30A, the dynamic band variation unit 10A 
sets the transmission clock (192 Kbps) of the data transmitted 
from the data terminal device 30A to the communication speed 
of the dedicated line, which is 128 Kbps. When transmission 
of the data through the dedicated line 21 and the circuit line 
22 is continued under such condition, the amount of data stored 
(jtofthe DTE buffer 11A will be reduced in proportion .to time. 
When the stored data |i;^gone, the transmission of the data to 
the circuit line 22 is stopped, so as to return to the state 
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where communication is performed only by the dedicated line 21. 

On the other hand, when the receiving dynamic band variation 
unit 10B detects that no more data is transmitted through the 
circuit line 22 while receiving data from both the dedicated 
line 21 and the circuit line 22 as shown in FIG. 7, the transfer 
of data from the circuit line buffer 13B to the DTE buffer 13B 
is terminated, and the data reception clock^to the data terminal 
device 30B is set to the communication speed of the dedicated 

line 21 (128 Kbps.) . V 

This process enables^to recoverkhe initial communication 
state where only the dedicated line 21 is used for the 
communication of data. 

As mentioned above, the present invention provides a data 
communication system using a dynamic band variation unit where 
the lines used for communication may be increased or decreased 
while guaranteeing the data transmitted between two data 
terminal devices, and the data from one data terminal device 
may be allocated to a plurality of lines for communication to 
the other data terminal device. 
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